Introduction
The chemistry of sulphonamides and their derivatives is of interest due to their distinct physical, chemical and biological properties. Hence we are interested in the synthetic, spectroscopic, structural and kinetic aspects of these compounds [1 -18] . We have recently reported the synthesis, characterization, infrared and NMR spectral properties of N-(2-/3-/4-substituted phenyl)-4-substituted benzenesulphonamides of the general formula, 4-X'C 6 H 4 SO 2 NH(2-/3-/4-XC 6 H 4 ), where X' or X = H, CH 3 , C 2 H 5 , F, Cl or Br [18] . This paper reports the synthesis, characterization, infrared, 1 H and 13 C NMR spectral proper-0932-0784 / 05 / 0100-0113 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com ties of fifty four N-(i,j-disubstituted phenyl)-4-substituted benzenesulphonamides of the general formula 4-X'C 6 H 4 SO 2 NH(i,j-X 2 C 6 H 3 ), where X' = H, CH 3 , C 2 H 5 , F, Cl or Br; i,j = 2,3; 2,4; 2,5; 2,6 or 3,4 and X = CH 3 or Cl.
Experimental

Materials and Methods
The preparations of all the fifty four N-(i,j-disubstituted phenyl)-4-substituted benzenesulphonamides (Table 1 ) involved two steps: (i) chlorosulphonation of substituted benzenes and (ii) conversion of the re- phonamides by treating the former with the i,j-disubstituted anilines, by methods similar to the ones described in our earlier papers [14, 18] . The solid N-(i,j-disubstituted phenyl)-4-substituted benzenesulphonamides so prepared were recrystallized to constant melting points from dilute ethanol. The purity of all compounds was checked by determining their melting points (Table 1) .
Spectral Measurements
Infrared spectral measurements were carried out on a JASCO-430 (Japan) FT-IR spectrometer. The resolution was set to 4 cm −1 , and the scanning range was from 400 -4000 cm −1 . The spectra were measured in the solid state as pressed KBr pellets (13 mm 
Results and Discussion
Infrared Spectra
The selected absorption frequencies of all the 54 N-(i,j-disubstituted phenyl)-4-substituted benzenesulphonamides have been assigned in conformity with the literature values for similar compounds [5, 6, 8, 9, 13 -15, 18 -21] , considering the fact that the precise frequency at which a specific group absorbs is dependent on its environment within the molecule and on its physical state.
The maximum and minimum frequencies at which the N-H stretching vibrations, ν N−H , of N-(i,j-disubstituted phenyl)-4-substituted benzenesulphonamides absorb are 3305 cm −1 and 3205 cm −1 , respectively, with most of the absorptions being in the range 3272 -3248 cm −1 . These conform with the N-H symmetric stretching vibrations in the range 3305 -3199 cm −1 observed for N-(2-/3-/4-substituted phenyl)-4-substituted benzenesulphonamides [14, 18] . The maximal and minimal asymmetric SO 2 [14, 18] . These ranges The assignment of other frequencies to various modes of vibrations of the ring are similar to those in arylsulphonamides [5] , N-haloarylsulphonamides [6, 8, 9] and other aromatic organic compounds [19, 20] .
The ν N−H , ν S=O(asym) , and ν S=O(sym) vibrations of all the N-(i,j-disubstituted phenyl)-4-substituted benzenesulphonamides are compared with those of N-(2-/3-/4-substituted phenyl)-4-substituted benzenesulphonamides [14, 18] (Tables 2 and 3 ). The variations of these absorption frequencies with substitution in the phenyl ring in N-(i,j-disubstituted phenyl)-4-substituted benzenesulphonamides had no particular trends, with either electron withdrawing or electron donating groups. Table 4 . The aromatic protons and carbon atoms were numbered as shown in the following general structure:
1 H NMR Spectra
H chemical shifts of aromatic and alkyl protons of all N-(i,j-disubstituted phenyl)-4-substituted benzenesulphonamides are shown in
. The various chemical shifts were assigned to the protons of two benzene rings in line with similar compounds [5, 14, 15, 19 -25] . 1 H chemical shifts of benzene and substituted benzenes were measured under identical conditions. Further, the incremental shifts due to -SO 2 NH(i,j-X 2 C 6 H 3 ) groups in the compounds with the formula C 6 H 5 SO 2 NH(i,j-X 2 C 6 H 3 ) and 4-X'C 6 H 4 SO 2 NH-groups in the compounds of the type 4-X'C 6 H 4 SO 2 NH(C 6 H 5 ) were computed (Table 5) and used to calculate the 1 H chemical shifts of the substituted compounds 4-X'C 6 H 4 SO 2 NH(i,j-X 2 C 6 H 3 ) as described below.
The incremental shifts of aromatic protons in N-(substituted phenyl)-benzenesulphonamides due to -SO 2 NH(i,j-X 2 C 6 H 3 ) [where i,j-X 2 = 2,3-(CH 3 ) 2 , 2,4- Similarly, the incremental shifts of H-2,6; H-3,5 and H-4 protons due to 4-X'C 6 H 4 SO 2 NH-groups (X' = H, CH 3 , C 2 H 5 , F, Cl or Br) in 4-X'C 6 H 4 SO 2 NH(C 6 H 5 ) were computed by comparing the chemical shifts of H-2,6; H-3,5 and H-4 protons in these compounds with the benzene proton value of 7.29 ppm. The com- Table 6 . Observed chemical shifts (δ , ppm) of aromatic and other carbon atoms in N-(i,jdisubstituted phenyl)-4-substituted benzenesulphonamides. (Table 5) 
13 C NMR Spectra
The 13 C chemical shifts of aromatic and alkyl carbon atoms of all the N-(i,j-disubstituted phenyl)-4-substituted benzenesulphonamides are shown in Table 6. The various chemical shifts are assigned to the different carbon atoms in the two benzene rings in conformity with the literature for similar compounds [5, 14, 15, 19 -25] . The 13 C chemical shifts of benzene and substituted benzenes were also measured under identical conditions. Further, the incremental shifts of C-1'; C-2',6'; C-3',5' and C-4' carbon atoms due to -SO 2 NH(i,j-X 2 C 6 H 3 ) groups in C 6 H 5 SO 2 NH(i,j-X 2 C 6 H 3 ) were calculated by comparing the chemical shifts of the carbon atoms in these compounds with those of benzene carbon value of 128.4 ppm. Similarly, the incremental shifts of C-1; C-2,6; C-3,5 and C-4 carbon atoms due to 4-X'C 6 H 4 SO 2 NH- groups in 4-X'C 6 H 4 SO 2 NH(C 6 H 5 ) were computed by comparing the chemical shifts of the carbon atoms in these compounds with the benzene carbon value of 128.4 ppm. The calculated incremental shifts of C-1'; C-2',6'; C-3',5' and C-4' carbon atoms due to -SO 2 NH(i,j-X 2 C 6 H 3 ) groups in C 6 H 5 SO 2 NH(i,j-X 2 C 6 H 3 ) and those of C-1; C-2,6; C-3,5 and C-4 carbon atoms due to 4-X'C 6 H 4 SO 2 NH-groups in 4-X'C 6 H 4 SO 2 NH(C 6 H 5 ) are shown in Table 7 . These incremental shifts due to the above groups ( Table 7) and those of the substituents [19, 20] were used to calculate the chemical shifts of C-1'; C-2',6'; C-3',5' and C-4' and those of C-1, C-2, C-3, C-4, C-5 and C-6 carbon atoms in the substituted compounds 4-X'C 6 H 4 SO 2 NH(i,j-X 2 C 6 H 3 ) by methods similar to the ones described under 1 H NMR spectra. The calculated shifts have also revealed that the different procedures of calculation lead to almost the same values in most cases, indicating the validity of the principle of additivity of the substituent effects with 13 C chemical shifts.
The effect of substitution on the chemical shifts of the aromatic carbon atoms in N-(i,j-disubstituted phenyl)-4-substituted benzenesulphonamides have also been analysed through line diagrams (figures not shown). There are no particular trends in the variation of these chemical shifts with the substitution.
